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Abstract. The HERA-B experiment at DESY has acquired a data-set of approximately 300,000 
decays J/4> — > £ + £~ during its 2002/2003 data-taking period. These data are used to analyze the 
production of heavy quarks in proton-nucleus interactions at a center-of-mass energy of 41.6 GeV. 
In this article, preliminary results of two measurements are discussed, a measurement of nuclear 
effects in the production of J/ip mesons and a measurement of the bb production cross section. 



HERA-B: DETECTOR, TRIGGER AND DATA-SET 

The HERA-B detector, depicted in Fig. [H is a fixed-target spectrometer with large 
angular acceptance. Protons from the halo of the HERA proton beam are collided with 
an internal wire target. The target consists of up to eight thin wires of different materials, 
distributed in two target stations. Each wire can be moved independently to adjust the 
interaction rate. 

The HERA-B detector consists of the following sub-detectors: A silicon micro-strip 
vertex detector is used to reconstruct and separate primary and secondary vertices. The 
tracking detectors comprise micro-strip gaseous chambers with gas electron multiplier 
foils in the inner acceptance region of high particle flux and honeycomb drift chambers 
in the outer region. Particle identification is performed by a ring-imaging Cerenkov 
counter, an electromagnetic calorimeter, and a four-layer muon detector. 

Lepton pairs from J/ih decays are enriched by a multi-level trigger system. The first 
trigger level is implemented as a hardware track trigger in the outer tracking detector. 
Starting points for the track search are provided by pretriggers in the muon detector and 
the calorimeter. At the second trigger level, a software trigger running on a PC farm, 
track candidates are extrapolated to the vertex detector, and a two-prong vertex fit is 
performed. Accepted events are reconstructed online. 

The HERA-B experiment has taken data between October 2002 and February 2003. 
The data sample recorded with the lepton pair trigger contains approximately 150,000 
decays into each of the channels J/ip — > e + e~ and J/ib — > |x + |J.~, 90,000 of which were 
taken with two target wires of different materials simultaneously. Based on this data set, 
the HERA-B collaboration has analyzed the production of charmonium states such as 
J/ib, ib (25) and % c , as well as the production of open and hidden beauty, e.g. bb and T. 
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FIGURE 1. Elevation view of the HERA-B detector. 



NUCLEAR EFFECTS IN J/ip PRODUCTION 

Many theoretical models of J/ib production in proton-nucleus interactions predict modi- 
fications of the production cross section by nuclear effects, e.g. due to the absorption of 
final state particles in the nuclear environment Hi 12], or due to coherent proton-nucleus 
scattering 0,0]. The nuclear effects are commonly parametrized by the power law 

a pA = a pN -A a ^\ (1) 

Here, o v a is the proton-nucleus cross section, o v n is the proton-nucleon cross section, 
and A is the atomic mass number of the target. A value of the nuclear suppression param- 
eter a(xF,px) smaller than unity corresponds to the suppression of J/ib production. The 
cross section o is related to the number of detected particles N, the integrated luminosity 
Jzf, and the detection efficiency e by a = /V/(Jzfe). Using this relation for a tungsten 
target and a carbon target operated at the same time, Eq. (HI can be solved for a: 

1 fN w jSf c £c 
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The measurement hence includes measuring three ratios, the ratio of J/ih yields, the ratio 
of luminosities per wire, and the ratio of efficiencies. The analysis thus benefits from the 
advantages of a relative measurement, in which many systematic uncertainties cancel 
out. The J/tp yields are determined by fits to the J/ih invariant mass spectrum in bins 
of the kinematic variables. To measure the luminosities, the number of primary vertices 
per target wire is counted in data recorded with a zero-bias trigger in parallel to the 
lepton pair trigger. A detailed Monte Carlo (MC) simulation of the HERA-B detector 
and trigger is performed to calculate the ratio of efficiencies. Details of the analysis in 
the decay channel J/ih —> \i + \x~ can be found in o]. 

The measured nuclear suppression parameter a in the decay channel J/ib — > \x + \x~ 
is shown in Fig. El as a function of jcf and pj. The data show good agreement with 
previous measurements in the overlap region and extend the existing data to negative 
x?. In the covered range of —0.375 < < 0.125, a small constant suppression of 
J/ib production is observed, with an average suppression parameter of a = 0.969 ± 
0.003(stat.)± 0.021 (syst). 
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FIGURE 2. Nuclear suppression parameter a in the decay channel J/4> — > as a function of 

xp (left) and pj (right), compared to previous measurements by the E866 |6] and the NA50 0] col- 
laborations. All data points include statistical and systematic uncertainties. 



THE BB PRODUCTION CROSS SECTION 



At the HERA-B center-of-mass energy of 41.6 GeV, beauty production is close to 
its kinematic threshold. This results in large theoretical uncertainties due to the re- 
summation of soft gluons and increased sensitivity to the mass of the b quark. Previous 
measurements of the bb production cross section in a similar energy range suffered from 
small statistics and large systematic uncertainties. 

In HERA-B, the bb production cross section is measured in the inclusive decay 
channel bb — > J/ibX — > £ + £~X, where £ = e, \i. The average flight distance of B mesons 
in the HERA-B detector amounts to approximately 8 mm. Therefore, B candidate events 
can be selected based on the separation of the J/ih decay vertex from the primary 
vertex on the target wire. The best separation from background decays such as prompt 
J/4> decays and semileptonic b and c decays is achieved by a combined cut on the 
significance of the J/4> detached vertex and the impact parameter to the target wire. 
Furthermore, combinatorial background is controlled by comparing the background 
upstream and downstream of the target with respect to the proton flight direction. A fit 
to the B lifetime and the requirement of a third track at the J/4> decay vertex serve 
as independent confirmations of the B flavor. For the final bb cross section result, the 
consistent results in the dielectron and the dimuon channels using the 2002/2003 data- 
sample are combined with the previously published result [8] from the 2000 data-taking. 

To minimize the influence of external input, the result of the measurement is first 
presented relative to the J/ih production cross section and restricted to the kinematic 
acceptance of the HERA-B detector: 

R h ^ = = £ N bb^x = o Q3 3± o oo5( stat ) ± Q Q04( syst ) (3) 

A°J/i|> ^prompt J/ip 

Here, Aa b ^ and AojM, are the production cross sections for bb and J/ib within the 
HERA-B acceptance, N-ffi-tj/tyx anc * ^prompt J/ty arQ t ne number of bb candidates and 
the number of prompt J/ip. The efficiency parameter e includes the branching fractions, 
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FIGURE 3. Preliminar y cro ss section for bb production as a function of the proton energy, compared 
to theoretical predictions Il2lfl3ll and a previous HERA-B measurement based on the 2000 data-set 1 8]. 

the efficiency of the detached vertex selection and the nuclear dependences for bb and 
J/ib events. The efficiencies are determined from a detailed MC simulation. The result 
is extrapolated to the full phase-space with the help of PYTHIA |9|]. Since to date, there 
is no published HERA-B measurement of the J/u) production cross section, a value of 
fjj/\j) = 352 ± 2(stat.) ±26(syst.) nb/nucl. is assumed [8]. This value is obtained by av- 
eraging fjj/^ as measured by the E789 and E771 experiments 111 (111 ill and extrapolating 
the result to HERA-B energies. Note that a significant upward revision of this value is 
anticipated from the HERA-B measurement. The resulting bb production cross section 
is depicted in Fig.|3l along with previous measurements and theoretical predictions. The 
preliminary numerical result is o h ^ = 9.9 ± 1.5(stat.) ± 1.4(syst.) nb/nucl. 
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